OBJECTIVE: To examine possible changes of leptin concentrations after the acute administration of glucose orally (OGTT). DESIGN: Seventy-®ve grams of glucose were administered per os in one group of obese and normal weight individuals and concentrations of glucose, insulin and leptin were measured at 0, 30, 60, 90 and 120 min. In an age matched control group of individuals with similar BMI water was given and leptin concentrations were measured before and after 30, 60, 90 and 120 min. SUBJECTS: Twenty-seven obese women aged 34 AE 1.57 y with BMI 37.1 AE 0.8 kgam 2 and 16 normal weight women, aged 32 AE 1.13 y with BMI 23.6 AE 0.3 kgam 2 formed the experimental group, while 10 obese and 10 normal weight females with similar age and BMI were used as controls. MEASUREMENTS: Weight, height, BMI, body fat, glucose, insulin and leptin at baseline and during OGTT. Variations of the above parameters were calculated from the area under the curve (AUC). RESULTS: Fasting leptin concentrations and AUC were higher in obese than in normal weight women. In obese women, leptin increased signi®cantly in comparison to its basal concentrations 30 and 60 min after the glucose loading. Insulin was also increased, as expected. No correlation was found between insulin and leptin concentrations after glucose loading. Basal concentrations of leptin did not correlate with those of glucose and insulin. No changes in leptin concentrations were found in normal weight women after OGTT. However, a signi®cant positive correlation was found between insulin and basal leptin. Finally, leptin concentrations did not change in obese and normal weight controls after water administration. CONCLUSION: A signi®cant increase in leptin concentrations was found 30 and 60 min after glucose loading in obese individuals. No such increase was found in normal-weight women.
Introduction
Leptin, the product of the OB-gene, is a 167-aminoacids secreted protein that is synthesized exclusively in adipose tissue. Its concentrations are related to food intake, body weight and energy expenditure. 1 ± 3 Leptin may suppress the appetite, probably by decreasing the release of the orexigenic neuropeptide Y in hypothalamus. 4, 5 A pulsatile secretion and a circadian variability with increased nocturnal concentrations has been described. 6 In obese subjects leptin concentrations are increased and positively related to body mass index (BMI) and total body fat (BF). 4 ± 7 The secretion of leptin seems to be modulated by several factors such as sex, age, insulin, glucocorticoids, catecholamines, cytokines (TNF, interleukin 1), smoking etc. 5 ± 10 The activity of leptin is in¯uenced by the metabolic state and it is reduced in obesity, in NIDDM and in disorders of its receptors. 5 ± 7 In the recent literature, some data refer to the possible in¯uence of food intake on the secretion of leptin. 11 ± 13 The aim of this study was to investigate the possible changes in serum leptin concentrations after the acute administration of glucose orally.
Materials and methods
Thirty-seven obese women and 26 normal-weight women were included in the study. The mean age of the obese individuals was 34.4 AE 1.6 y, while for normal weight women was 32.6AE 1.3 y. Mean BMI was 37.4AE 0.7 for obese and 23.9AE 0.7 for the normal weight subjects. The obese women had been referred to the Endocrine Department of`PANAGIA' Hospital for evaluation and treatment of their obesity, whereas normal weight women were selected from the staff of the hospital.
The waist (W) and hip (H) circumferences (WHR) were measured in all subjects and total BF was calculated from the sum of four skinfolds, according to Durnin's equation. 14 All women were on free diet at least three months before the beginning of this study. Women suffering from hepatic or renal disease, diabetes mellitus, hyperlipidaemia or other endocrine or psychiatric disease were excluded from the study. None took any drugs for at least one month before the study. Normal weight women were regularly menstruating and none of them had a history of overweight. Written and informed consent was obtained from all women included in the study. Twenty-seven obese and 16 normal weight women served as the experimental group in whom an oral glucose tolerance test (OGTT) was performed. Their anthropometric data are reported in Table 1 . Ten obese and 10 normalweight women of similar age and BMI served as controls, in whom water was given instead of OGTT.
Baseline serum concentrations of glucose, insulin, and leptin as well as after a glucose load (75 g) per os at 30, 60, 90 and 120 min were measured. Blood tests were performed in the morning (8.30 ± 9.00), after overnight fasting. Subjects had been quietly lying down for at least 15 ± 20 min after an indwelling cannula had been placed in an antecubital vein of an arm. Glucose and insulin measured at baseline in the control group of patients and leptin before and 30, 60, 90, 120 min after the administration of water.
Glucose was measured by chromatography (Bioanalyzer Wako Chemicals, GmbH), insulin by immuno-radiometric assay using a Sorin-Biomedica Kit (Saluggia, Italy). The lower limits of detection for insulin were 0.3 mIUaml, while inter-assay and intraassay coef®cients of variation were 6.9 and 6.4% respectively. Normal range for our laboratory is 2 ± 25 mIUaml. Leptin was measured by radioimmunoassay using a mediagnost Kit (Tubingen, Germany), which utilizes a high af®nity polyclonal antibody speci®c for this protein. The lower limits of detection for leptin was 0.04 ngaml, while inter-assay and intraassay coef®cients of variation were 7.6 and 5% respectively.
Statistical analysis
Comparisons between groups were performed using the paired and unpaired t-test. Pearson's correlation coef®cient was also used to evaluate relationships between variables. Incremental areas under the curves (AUC) of glucose, insulin and leptin were calculated by the trapezoidal method, after subtracting baseline values. Simple and multiple regression analysis were also used to evaluate the correlations between the variables. The value of P`0.05 was used to de®ne statistical signi®cance. All the results are expressed as mean AE s.e.m.
Results
The age, anthropometric variables, basal levels of glucose, insulin, leptin, AUC-GL, AUC-INS, and AUC-LEPT in obese women and normal weight women in the experimental group are presented in Table 1 .
As shown in this table obese women had similar ages but signi®cantly higher body mass indices (37.1 AE 0.88 vs 23.6AE 0.31, P`0.001), body fat (43.8 AE 1.04 vs 25.2 AE 1.06, P`0.001) and WHR (0.92 AE 0.01 vs 0.84AE 0.01, P`0.001) in comparison with normal weight women. Also, they had higher basal levels of insulin (28.96AE 5.57 vs 7.33 AE 1.38, P`0.001) and leptin (25.30 AE 4.30 vs 6.05 AE 1.41, P`0.001). AUC-GL (P`0.05), AUC-INS (P0 .01) and AUC-LEPT (P`0.01) were also signi®-cantly elevated in obese women in comparison with normal weight females. No statistically signi®cant correlations were found between basal concentrations of glucose and leptin as well as between insulin and leptin in obese women. On the contrary, in normal weight women a signi®cant positive correlation was found between insulin and basal leptin concentrations (r 0.87, P`0.001). As expected, basal leptin concentrations correlated signi®cantly with total BF in all women studied (r 0.56, P`0.05). Finally, when multiple regression analysis was applied leptin correlated signi®cantly with insulin (r 0.87, P`0.001) in normal weight women.
The concentrations of glucose, insulin and leptin during OGTT (at times 0, 30, 60, 90, 120 min) as well as leptin concentrations after water administration are presented in Table 2 and Figure 1 .
As shown in Table 2 the administration of glucose induced, as expected, a signi®cant increase in insulin concentration in both groups of women studied. Interestingly, a signi®cant increase in leptin concentrations was found only in obese women at times 30 and 60 min (P`0.005 and P`0.01 respectively). No Table 1 The age, anthropometric features, basic levels of glucose, insulin, and leptin, as well as area under the curve (AUC) for glucose, insulin and leptin in obese and normal weight women in the experimental group. Paired and unpaired t-tests have been used for statistical analysis Table 2 .
Discussion
This study con®rmed that basal concentrations of leptin are signi®cantly higher in obese compared to normal weight females. A new ®nding is that leptin concentrations increased after glucose loading, only in obese women. Several studies have shown that leptin concentrations are higher in obese than in normal weight females and suggested that this increase may be due to several reasons such as reduced transport of leptin in cerebrospinal¯uid, decreased sensitivity of its action which may be attributed to receptor mutation or ®nally to post-receptor defects. 1, 3, 5, 7, 15 So far, no changes of leptin concentrations during the acute administration of carbohydrates have been reported. Considine et al 12 investigated the effect of food consumption on serum leptin concentrations in normal-weight and obese women. Leptin concentrations were measured every 60 min for 8 h. Breakfast was given after the ®rst morning sample and lunch 4 h later. Leptin concentrations did not change signi®-cantly in the subjects studied before and after two meals.
Dagogo-Jack et al 13 measured leptin and insulin concentrations in 12 subjects before and 3 h after eating their usual lunch. They found an increase in insulin concentrations, while leptin concentrations did not change 3 h after food. Korbonits et al 16 provided a mixed meal of 1000 kcal in obese and normal weight individuals and found no changes in leptin concentrations before and after the meal. Also, they did not ®nd any correlation between leptin and glucose, as well as leptin and insulin concentrations. Brunner et al 17 did not observe any changes in leptin concentrations after an OGTT in normal weight individuals.
In our study the acute administration of glucose provoked a signi®cant increase in leptin concentrations 30 and 60 min after the loading only in obese women, while 120 min after the glucose administration leptin concentrations returned to normal. This ®nding, to the best of our knowledge, has not been reported so far in the literature. No such ®nding was demonstrated in normal weight women, which is in accord with Brunner et al. 17 Previous studies, in which there was no postprandial increase in leptin concentrations in obese individuals, differ from our study in some important ways. Therefore, Considine et al 12 investigated only three obese females and measured leptin concentrations every hour for 8 h after breakfast and lunch. Dagogo-Jack et al 13 measured leptin concentrations before and 3 h after lunch. However, no details were given about the gender and BMI of the individuals investigated. Korbonits et al 16 provided a standard mixed mid-day meal (1000 kcal) in 10 obese females with blood sampled at 20 min intervals from 1 h before lunch (11.00 h) until 3 h post-prandially.
One can postulate that the increased leptin concentrations during OGTT in obese women could be a contributory autoregulatory mechanism so that the resistance of leptin in hypothalamus, described in such individuals, be overcome. On the contrary, in normal weight women where no leptin resistance exists, no such changes were demonstrated.
The increase of leptin after glucose administration did not correlate with the increment of insulin concentrations. Previous studies have shown that insulin may play a role in the regulation of leptin secretion from the adipocytes. For example, insulin can stimu- Figure 1 Leptin levels before and after glucose administration (0 H , 30 H , 60 H , 90 H , 120 H ), as well as beofre and after water in obese and normal weight women. Table 2 Glucose, insulin and leptin concentration before and after glucose administration (30, 60, 90 and 120 min) in the experimental group of individuals, as well as leptin concentration before and after water administration (controls) 19 In humans, it has also been shown that increasing serum insulin concentrations for a short period of time (5 h) either postprandially or after infusion of insulin does not in¯uence the secretion of leptin. 13, 16, 18 Our ®nding that there is no signi®cant correlation between leptin and insulin concentrations during glucose loading is in accord with previous data which have shown that insulin does not stimulate endogenous leptin secretion and permits us to postulate that other factors affect both leptin and insulin secretion. Corticosteroids might be one such factor, as well as catecholamines. Another candidate is tumor necrosis factor and ®nally gut peptides such as pancreatic polypeptide and the incretins. Plasma gastric inhibitory polypeptide concentrations, the classical incretin hormone, may play an important physiological role in glucose Ð stimulated insulin secretion in healthy subjects. 20 Glucagon-like peptide-1, which has been shown to have an incretin effect, inhibits gastrointestinal motility in humans and may in¯uence feelings of hunger and satiety. However it was found recently that leptin did not appear to be directly in¯uenced by physiological and pharmacological elevations in plasma GLP-1 concentrations. 20 ± 22 Very recently, it was shown that leptin messenger RNA and leptin protein are present in rat gastric epithelium, and that cells in the glands of the gastric fundic mucosa are immunoreactive for leptin. However, the physiological function of this previously unsuspected source of leptin is unknown. 23 Perhaps, leptin secreted from this source might contribute to the increased leptin concentrations found after OGTT in our individuals.
Conclusions
The results of this present study demonstrate for the ®rst time that administration of glucose in obese women induces a signi®cant increase in serum leptin concentrations. Such changes were not found in normal weight women. No correlation was found between leptin and insulin concentrations after glucose administration in all subjects studied. This is in accord with previous data, which showed that insulin has no stimulatory effect on leptin.
